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(54) Semiconductor device having alternating long and short contact pads with a fine pitch 



(57) An integrated circuit (IC) fabricated on a semi- 
conductor chip (51) is electrically connected through an 
array (50) of pads to leads (54) of a package; the pad 
array includes long pads (50a) exposed to first partially 
constricted openings (51 el 510 and short pads (50b) 
exposed to second partially constricted openings (51 d) 
and alternated with the long pads, and the wide portions 



of the first partially constricted openings are offset from 
the wide portions of the adjacent second partially con- 
stricted openings so that the manufacturer arranges the 
long pads and the short pads at a fine pitch less than 40 
microns. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to a semiconductor 
device and, more particularly, to a semiconductor 
device having pads arranged at fine pitch without sacri- 
fice of probing during a diagnosis. 

DESCRIPTION OF THE RELATED ART 

[0002] Firstly, three kinds of prior art arrangement of 
pads are hereinbelow described. Referring to figures 1 
and 2 of the drawings, pads 1 are formed on an insulat- 
ing layer 2, and the insulating layer 2 is formed on a 
semiconductor substrate 3. The pads 1 are exposed to 
rectangular openings 4 formed in a passivation layer 5, 
and the passivation layer 5 is covered with a polyimide 
cover layer 6. Openings are also formed in the polyim- 
ide cover layer 6, and are aligned with the rectangular 
openings 4 of the passivation layer 5. For this reason, 
the pads 1 are seen over the polyimide cover layer 6. 
The laminated structure shown in figure 2 is called as a 
semiconductor chip. 

[0003] An aluminum plate 1a forms essential part of 
the pad 1 . and the pads 1 are connected through con- 
ductive strips 7 to an integrated circuit fabricated on the 
semiconductor substrate 3. The pads 1 are formed in 
the periphery of the semiconductor chip, and form a sin- 
gle line along each edge line of the semiconductor chip. 
The pads 1 are spaced from one another, and the pitch 
D1 of pads 1 is, by way of example, 100 microns. 
[0004] The integrated circuit has been improved to be 
multifunctional. An advanced semiconductor integrated 
circuit device has more than 1 000 pads in the peripheral 
area. If the semiconductor integrated circuit device is 
fabricated on a semiconductor chip measuring 10 mil- 
limeters by 10 millimeters, the manufacturer is required 
to make 250 pads in a line along each edge line. The 
250 pads 1 along the edge of 10 millimeters make the 
pitch D1 40 microns. Thus, increase of pads 1 results in 
decrease of the pitch D1 . However, there is a limit on the 
pitch D1 . If the pitch D1 is decreased to 80 microns, the 
manufacturer feels the tests carried out after completion 
of the product difficult. A testing system presses a probe 
card to the pads 1 , and supplies a test pattern to see 
whether the integrated circuit is defective or not. The 
probe card has a large number of probes, and the 
probes are of the order of 70 microns thick. When the 
probes are made thin, they are liable to be bent and bro- 
ken. For this reason, the minimum pitch is of the order of 
80 microns. 

[0005] In order to increase the pads, it is proposed to 
arrange pads 1 1 in a staggered manner as shown in fig- 
ure 3. Aluminum plates 11a form the pads 1 1 , and con- 
ductive strips 12 are connected to the aluminum plates 
1 1a, respectively. The probes are moved in the direction 
indicated by arrow AR1. The aluminum plates 11a are 



respectively exposed to rectangular openings 13 
formed in a protective layer 14. The staggered pads 11a 
make two rows 15a/ 15b, and the pads 1 1a in each row 
15a/ 15b are arranged at pitch D2. Even though the 
5 pitch D2 is 120 microns, the two rows of pads at 120 
micron pitch are equivalent to a single row of pads at 60 
micron pitch. For this reason, the tester can check the 
semiconductor integrated circuit device by means of the 
probe card. 

10 [0006] Thus, the staggered pads 1 1 increase the pitch 
D2, and the manufacturer checks the semiconductor 
integrated circuit device with the probe card. However, 
when the pitch D2 is decreased to 80 - 60 microns, the 
manufacturer encounters a difficulty in wire bonding. 

15 The pads 1 1 are partially used for the testing and par- 
tially connected to leads of a package through bonding 
wires. The bonding wires are pressed against the alumi- 
num plates 11a, and connect the integrated circuit to 
leads of a package. When the pads 1 1 decrease the 

20 pitch D2, the bonding wires are liable to be short- 
circuited, broken and pealed from the pads 11 . For this 
reason, when the semiconductor integrated circuit 
device requires pads 1 1 at 80 - 60 micron pitch, the inte- 
grated circuit is connected to inner leads by using a tape 

25 automated bonding technology. 

[0007] The inner leads are formed from a thin conduc- 
tive layer covering an insulating tape by using an etch- 
ing. If the pads are arranged in single row, the inner 
leads are simply repeated, and the etching conditions 

30 are easily optimized. However, when the pads 11 are 
staggered, the inner leads form a complicated pattern, 
and the etching conditions are hardly optimized. For this 
reason, when a semiconductor integrated circuit device 
requires the pad pitch equal to or less than 60 microns, 

35 the staggered pads 1 1 are used for assemblage with a 
package, and the single row of pads 1 are prepared for 
the probe card. Thus, the pads are arranged in single 
row or stagger. 

[0008] Figure 4 illustrates another prior art pad 

40 arrangement. The prior art pad arrangement is a com- 
promise of the prior art arrangements shown in figures 
1 and 3. The pads 31 are arranged at pitch D3 in the 
direction perpendicular to the moving direction AR2 of a 
probe card. Aluminum plates 31 a are connected to con- 

45 ductive strips 32, respectively, and are exposed to rec- 
tangular openings 33a formed in a protective layer 33. 
In this instance, the rectangular openings 33a are nar- 
rower than the aluminum plates 31a. The aluminum 
plates 31a are elongated in the direction AR2. Probes 

so are brought into contact with areas 31b, and inner leads 
are bonded to areas 31c. The areas 31b are staggered, 
and the area 31c makes a row in the direction perpen- 
dicular to arrow AR2. Although the prior art pad 
arrangement is not popular, the prior art arrangement 

55 allows the manufacturer to arrange the probes in a stag- 
gered manner and the inner leads simple. The compro- 
mised pad arrangement allows the manufacturer to 
decrease the pad pitch less than 80 microns. However, 
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it is hard to realize the pad pitch equal to or less than 40 
microns. This is because of the fact that the rectangular 
openings 33a are inside the periphery of the aluminum 
plates 31a. When the pad pitch is decreased together 
with the width of the aluminum plates 31a, the width of 
the rectangular openings 33a becomes less than 40 
microns, and the probes are not always brought into 
contact with the aluminum plates 31a. 
[0009] Subsequently, description is made on the prior 
art pad structures. The first prior art pad structures is 
disclosed in Japanese Patent Publication of Unexam- 
ined Application No. 2-166744, and figures 4 and 5 illus- 
trate the first prior art pad structure. A semiconductor 
substrate 21 is covered with an insulating layer 22, and 
an aluminum plate 23 and a conductive strip 24 are 
formed on the insulating layer 22. The insulating layer 

22 is covered with a passivation layer 25, and a rectan- 
gular opening 25a is formed in the passivation layer 25. 
The rectangular opening 25a is wider than the alumi- 
num plate 23, and the aluminum plate 23 and a part of 
the conductive strip 24 are exposed to the rectangular 
opening 25a. The passivation layer 25 is covered with a 
polyimide layer 26, and an opening 26a is formed in the 
polyimide layer 26 in such a manner as to be registered 
with the opening 25a. The wide openings 25a present 
the passivation layer 25 from cracks due to the collision 
between a probe and the passivation layer 25. Thus, the 
rectangular opening 25a wider than the aluminum pad 

23 aims at protection of the passivation layer 25 against 
the probe, and the alignment between the probe and the 
aluminum pad 23 is never considered. 

[001 0] Another pad structure is disclosed in Japanese 
Patent Publication of Unexamined Application No. 6- 
252201, and figures 7 and 8 illustrate the prior art pad. 
A semiconductor substrate 41 is covered with an insu- 
lating layer 42, and a lower aluminum strip 43 is pat- 
terned on the insulating layer 42. The lower aluminum 
strip 43 is exposed to a contact hole 44a formed in an 
insulating layer 44, and an upper aluminum plate 45 is 
patterned on the insulating layer 44. The upper alumi- 
num plate 45 passes through the contact hole 44a, and 
is held in contact with the lower aluminum strip 43. The 
lower aluminium strip is narrower than the upper alumi- 
num pad 45, and pushes up a part of the upper alumi- 
num plate 45. As a result, the upper aluminum plate 45 
is bent, and a step is formed in the upper aluminum 
plate 45. An oblique surface 45a of the step increases a 
contact area between the upper aluminum plate 45 and 
a bonding wire or a bump. The upper aluminum plate 45 
is exposed to a rectangular opening 46a of a passiva- 
tion layer 46, and the rectangular opening 46a is regis- 
try with an opening 47 of a polyimide layer 47. Thus, the 
prior art structure aims at increase of the contact area 
between the bonding wire/ bump and the upper alumi- 
num pad 45. The inner surface of the polyimide layer 47 
is rounded, and a probe would be guided by the 
rounded inner surface so as to be brought into contact 
with the upper aluminum pad 45. 



[001 1 ] The advantages of the step are lost in an ultra 
large scale integration, because the inter-level insulat- 
ing layers are chemically mechanically polished before 
deposition of conductive material. In other words, the 

5 flat insulating layer 44 does not form the step 45a in the 
aluminum pad 45, and the contact area is not increased. 
Figures 9 and 10 illustrate the semiconductor ultra large 
scale integrated circuit device. The inter-level insulating 
layer 44b is chemically mechanically polished before 

w deposition of aluminum, and the lower aluminum strip 
43 is connected through conductive plugs 48 to the 
upper aluminum plate 45. The conductive plugs 48 
measure 0.5 micron by 0.5 micron. The upper aluminum 
plate 45 is patterned on the flat surface of the inter-level 

j5 insulating layer 44b created through the chemically 
mechanically polishing, and, any step is formed in the 
upper aluminum plate 45. 

[0012] Finally, description is made on a prior art proc- 
ess for forming the pad 45 with reference to figures 1 1 A 

20 and 11B. First, the inter-level insulating layer 42 is 
deposited over the semiconductor substrate 41. Alumi- 
num is deposited to 0.5 micron thick over the inter-level 
insulating layer 42 by using a sputtering, and a photo- 
resist etching mask (not shown) is formed on the alumi- 

25 num layer through photo-lithographic techniques. Using 
the photo-resist etching mask, the aluminum player is 
selectively etched away, and is formed into the lower 
aluminum strip 43. 

[0013] Subsequently, insulating material is deposited 

30 to 0.8 micron thick over the entire surface of the result- 
ant structure, and the inter-level insulating layer 44 con- 
formably extends over the inter-level insulating layer 42 
and the lower aluminum strip 43. For this reason, inter- 
level insulating layer 43 is partially lifted by the lower 

35 aluminum strip 43. A photo-resist etching mask (not 
shown) is formed on the inter-level insulating layer 44, 
and the inter-level insulating layer 44 is partially etched 
away so as to form the contact hole 44a. 
[0014] Aluminum is deposited over the entire surface 

40 of the resultant structure by using the sputtering. The 
aluminum fills the contact hole 44a, and swells into an 
aluminum layer of 0.7 micron thick. The aluminum layer 
conformably extends, and the oblique surface 45a forms 
the step. A photo-resist etching mask (not shown) is 

45 formed on the aluminum layer, and the aluminum layer 
is patterned into the upper aluminum plate 45 by using 
the etching. The resultant structure is shown in figure 
11 A. 

[0015] Silicon nitride is deposited to 0.3 micron thick 
so over the entire surface of the resultant structure, and the 
polyimide layer of 5 micron thick is laminated on the sil- 
icon nitride layer. The silicon nitride layer serves as the 
passivation layer 46, and the passivation layer 46 is 
overlain by the polyimide layer 47. A photo-resist etch- 
55 ing mask (not shown) is formed on the polyimide layer 
47, and the polyimide layer 47 is partially etched away in 
wet etchant so as to form the opening 47a. The wet 
etchant rounds the inner surface of the polyimide layer 
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47, and the passivation layer 46 is partially etched away 
so as to form the rectangular opening 46a as shown in 
figure 11B. The 

[0016] As described hereinbefore, three kinds of pad 
arrangement and three kinds of pad structure are 5 
known. The three kinds of pad arrangement are the sin- 
gle row, the stagger and the compromise therebetween, 
and the two kinds of pad structures are the wide flat pad 
exposed to the narrow opening, the narrow pad nested 
in the wide opening and the wide stepped pad exposed 10 
to the narrow opening. 

[001 7] Although the compromise is the most appropri- 
ate for the semiconductor ultra large scale integrated 
circuit device, the pad structure is categorized in the first 
structure, i.e.. the wide flat pad exposed to the narrow is 
opening, and the pad pitch is hardly decreased to 40 
microns. In detail, because the opening is less than 40 
microns wide, and the probe is not always brought into 
contact with the aluminum plate 31a. For this reason, 
the compromise is hardly used for a semiconductor ultra 20 
large scale integrated circuit device of the next genera- 
tion. The other combinations between the compromise 
and the remaining two kinds of pad structure are not 
known. 

25 

SUMMARY OF THE INVENTION 

[0018] It is therefore an important object of the present 
invention to provide a semiconductor device, pads of 
which are arranged at a pitch less that 40 microns with- 30 
out misalignment with a probe. 

[0019] In accordance with one aspect of the present 
invention, there is provided a semiconductor device 
comprising a substrate structure having an insulating 
layer, a plurality of first pads formed on the insulating 35 
layer and electrically connected to an integrated circuit, 
a plurality of second pads longer than the plurality of 
first pads, electrically connected to the integrated circuit 
and alternated with the plurality of first pads on the insu- 
lating layer along a first virtual line, a protective layer 40 
covering the insulating layer, the plurality of first pads 
and the plurality of second pads and formed with a plu- 
rality of first openings respectively associated with the 
plurality of first pads and constricted from respective 
first wide portions to respective first narrow portions and 45 
a plurality of second openings respectively associated 
with the plurality of second pads and constricted front 
respective second wide portions to respective second 
narrow portions, and the second wide portions are off- 
set front the first wide portions in longitudinal directions so 
of the plurality of second pads perpendicular to the first 
virtual line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0020] The features and advantages of the semicon- 
ductor device will be more clearly understood from the 
following description taken in conjunction with the 



accompanying drawings in which: 

Fig. 1 is a plane view showing the arrangement of 
the pads incorporated in the prior art semiconduc- 
tor device; 

Fig. 2 is a cross sectional view taken along line A-A 
of figure 1 and showing the structure of the prior art 
semiconductor device; 

Fig. 3 is a plane view showing the staggered 
arrangement of pads incorporated in another prior 
art semiconductor device; 

Fig. 4 is a plane view showing the compromise 
between the prior art pads shown in figures 1 and 3; 
Fig. 5 is a plane view showing the pad incorporated 
in yet another prior art semiconductor device dis- 
closed in Japanese Patent Publication of Unexam- 
ined Application No. 2-166744; 
Fig. 6 is a cross sectional view taken along line B-B 
of figure 5 and showing the structure of the prior art 
semiconductor device; 

Fig. 7 is a plane view showing the pad incorporated 
in still another prior art semiconductor device dis- 
closed in Japanese Patent Publication of Unexam- 
ined Application No. 6-252201; 
Fig. 8 is a cross sectional view taken along line C-C 
of figure 7 and showing the structure of the prior art 
semiconductor device; 

Fig. 9 is a plane view showing the prior art pad 
formed on the inter-level insulating layer subjected 
to the chemical mechanical polishing; 
Fig. 10 is a cross sectional view taken along line D- 
D of figure 9 and showing the structure of the prior 
art pad; 

Figs. 11 A and 11 B are cross sectional view show- 
ing the prior art process for forming the prior art 
pad; 

Fig. 12 is a plane view showing the arrangement of 
pads incorporated in a semiconductor device 
according to the present invention; 
Fig. 13 is a cross sectional view taken along line E- 
E of figure 12 and showing the structure of the sem- 
iconductor device; 

Fig. 14 is a cross sectional view taken along line F- 
F of figure 12 and showing the structure of the sem- 
iconductor device; 

Fig. 1 5 is a cross sectional view taken along line G- 
G of figure 1 2 and showing the structure of the sem- 
iconductor device; 

Fig. 16 is a plane view showing the arrangement of 
pads incorporated in another semiconductor device 
according to the present invention; 
Fig. 17 is a cross sectional view taken along line H- 
H of figure 1 6 and showing the structure of the sem- 
iconductor device; 

Fig. 18 is a cross sectional view taken along line l-l 
of figure 16 and showing the structure of the semi- 
conductor device; 

Fig. 19 is a cross sectional view taken along line J- 
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J of figure 1 6 and showing the structure of the sem- 
iconductor device; 

Figs. 20A to 20C are cross sectional views showing 
a process for fabricating the semiconductor device 
shown in figures 16 to 19; and 
Fig. 21 is a plane view showing the arrangement of 
pads incorporated in yet another semiconductor 
device according to the present invention 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First Embodiment 

[0021 ] Referring to figures 1 2 to 1 5 of the drawings, a 
semiconductor device embodying the present invention 
includes an array 50 of pads arranged along a periphery 
of a semiconductor chip 51, and long pads 50a and 
short pads 50b form the array 50. The semiconductor 
chip 51 includes a semiconductor substrate 51a, and a 
major surface of the semiconductor substrate 51a is 
selectively covered with an insulating layer 51b. Circuit 
components of an integrated circuit IC are fabricated on 
the major surface of the semiconductor substrate 51b. A 
passivation layer 51c is laminated on the insulating layer 
51b. and openings 51 61 51 e/ 51 f are formed in the pas- 
sivation layer 51c. The passivation layer 51c is. by way 
of example, formed of silicon nitride. A polyimide layer 
51 g is further laminated on the passivation layer 51c, 
and openings 51 h are also formed in the polyimide layer 
51 g. The openings 51 h are registry with the openings 
51 d/ 51 e/ 51 f, and the long/ short pads 50a/ 50b are 
exposed to the openings 51d-51f/ 51h as will be 
described in detail. The polyimide layer 51 g has inner 
surfaces defining the openings 51 h, and the inner sur- 
faces are rounded so as to guide probes 52 to the long/ 
short pads 50a/ 50b. The innermost periphery of the 
opening 51 h is aligned with the periphery of the associ- 
ated opening 51d, 51 e or 5lf, and the probes 52 slide 
on the long/ short pads 50a/ 50b in a direction indicated 
by arrow AR10. The polyimide layer 51g is removed 
from the semiconductor chip 50 shown in figure 12 for 
better understanding of the openings 51 d to 51 f. In this 
instance, the insulating layer 51b is 1.5 microns thick, 
and is subjected to a chemical mechanical polishing. 
The long/ short pads 50a/ 50b are 0.6 micron thick, and 
the passivation layer 51c and the polyimide layer 51 g 
are 1 micron thick and 5 microns thick, respectively. 
[0022] The long/ short pads 50a/ 50b are formed of 
aluminum or aluminum alloy, and are connected 
through conductive strips 53 to the integrated circuit IC. 
The long pads 50a are alternated with the short pads 
50b. In this instance, the short pads 50b are arranged at 
60 microns in pitch dl, and the long pads 50a are also 
arranged at 60 microns in pitch d2. The long pad 50a is 
shaped into a rectangular configuration, and has a first 
contact portion 50c, a second contact portion 50d and a 
connecting portion 50e. The short pad 50b is also 



shaped into a rectangular configuration, and has a third 
contact portion 50f and a fourth contact portion 50g. In 
the following description, although only the openings 
51 d - 51 f are described in conjunction with the long/ 

5 short pads 50a/ 50b, the openings 51 h have similar con- 
figurations to the openings 51 d to 51f, and cooperate 
with the associated openings 51d to 51 so as to achieve 
advantages of the present invention. 
[0023] The first contact portion 50c is constant in 

10 width, and is exposed to the opening 51 e also constant 
in width. The first contact portion 50c is wider than the 
opening 51 e, and the periphery of the first contact por- 
tion 50c is retracted from the periphery of the opening 
51 e. The first contact portion 50c provides a first contact 

is area, and an inner lead 54 or a bonding wire 54 is held 
in contact with the first contact area. The inner leads/ 
bonding wires 54 form parts of a package. The second 
contact portion 50d is also constant in width, and is 
exposed to the opening 51 f. The opening 51 f is partially 

20 wide and partially narrow. The second contact portion 
50d is narrower than the wide portion of the opening 
51 f, and is wider than the narrow portion of the opening 
51 f. For this reason, the periphery of the second contact 
portion 50d is exposed to the wide portion of the open- 

25 ing 51 f, and is retracted from the periphery of the narrow 
portion of the opening 51 f. The opening 51 f is con- 
stricted between the narrow portion and the wide por- 
tion, and the second contact portion provides a second 
contact area mainly in the narrow portion The probe 52 

30 is guided along the constricted portion of the opening 
51 f during the sliding motion in the direction of allow 
AR10, and is exactly brought into contact with the sec- 
ond contact area. The connecting portion 50e is equal 
in width to the first and second contact portions 50c/ 

35 50d, and extends under the passivation layer 51c as will 
be better seen in figure 15. 

[0024] The third contact portion 50f is equal in width 
to the fourth contact portion 50g, and is contiguous to 
the fourth contact portion 50g without any connecting 

40 . portion. The opening 51 d is partially narrow and par- 
tially wide, and the short pad 50b is wider than the nar- 
row portion of the opening 51d and is narrower than the 
wide portion of the opening 51d. For this reason, the 
periphery of the short pad 50b is retracted from the 

45 periphery of the narrow portion of the opening 51d, and 
is exposed to the wide portion of the opening 51d. The 
third contact portion 50f provides a third contact area, 
and the inner lead/ bonding wire 54 is held in contact 
with the third contact area. The first contact area and 

so the third contact area are aligned with a first virtual line 
VT1 perpendicular to the direction indicated by arrow 
AR10. Tie opening 51d is constricted between the nar- 
row portion and the wide portion, and the constricted 
portion is associated with the fourth contact portion 50g. 

55 The fourth contact portion 50g is mainly in the narrow 
portion of the opening 51d, and the constricted portion 
guides the probe 52 so as to bring it into contact with a 
fourth contact area of the fourth contact portion 50g. 
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The second and fourth contact areas are staggered with 
respect to a second virtual line VT2 parallel to the first 
virtual line VT1. 

[0025] When the manufacturer tests the integrated cir- 
cuit IC, a tester (not shown) lightly presses the probes 
52 against the second/ fourth contact portions 50d/ 50g, 
and easily inserts the probes 52 into the wide portions 
of the openings 51d/ 51f. In other words, even though 
the probes 52 are thick, the thick probes 52 are brought 
into contact with the second/ fourth contact portions 
50d/ 50g through the wide portions of the openings 5lf/ 
51d. 

[0026] Subsequently, the tester moves the probes 52 
in the direction indicated by arrow AR10, and increases 
the pressure against the second/ fourth contact portions 
50d/ 50g. The constricted portions guide the probes 52 
to the second/ fourth contact areas. Even if the probes 
52 overrun the second/ fourth contact areas, the passi- 
vation/ polyimide layers 51c/ 51 g over the conductive 
strip/ connecting portion 53/ 50e stop the probes, and 
the probes 52 surely reach the second/ fourth contact 
areas, respectively. As described hereinbefore, the 
polyimide layer 51g and the passivation layer 51c are 5 
microns thick and 1 micron thick, respectively. The 
probe 52 has the contact portion of the order of tens 
microns thick. For this reason, the polyimide/ passiva- 
tion layers 51 g/ 51c serve as the guide for the probes 
52. Thus, all the probes 52 are exactly held in contact 
with the second/ fourth contact areas, and test patterns 
are surely supplied through the probes 52 to the inte- 
grated circuit IC. With the test patterns, the tester 
checks the integrated circuit IC through the probes 52 to 
see whether or not a defective component is incorpo- 
rated in the integrated circuit IC, and the diagnosis is 
reliable. 

[0027] As described hereinbefore, the pitches d1 and 
d2 are 60 microns. The array 50 is equivalent to a single 
row of pads equal in pitch to 30 microns. Thus, the array 

50 of pads achieves the fine pitch d3 of 30 microns, 
which is available for a semiconductor ultra large scale 
integrated circuit device of the next generation. Even 
though the array 50 of pads is arranged at the fine pitch 
d3, the openings 51 d/ 51 f allow the tester to bring the 
probes 52 into contact with the long/ short pads 50a/ 
50b easier than the prior art semiconductor device as 
described hereinbelow in detail. 

[0028] Assuming now that the distance d4 between 
the long pad 50a and the short pad 50b, the distance d5 
between the periphery of the pad 50a/ 50b and the 
periphery of the narrow portion of the opening 51 d/ 51 e/ 

51 f and the distance d6 between the periphery of the 
pad 50a/ 50b and the periphery of the wide portion are 
3 microns, 3 microns and 2 microns, respectively, the 
width d7 of the wide portion of the opening 51 d/ 51 f is 
given as follows. 

d7 = d3 - d4 + 2 x d6 = 31 microns 



If the prior art pad arrangement shown in figure 4 is 
arranged at the same pitch as the pads 50a/ 50b, i.e. , 30 
microns, the opening 33a is merely 21 microns wide 
under corresponding conditions, i.e., the distance 

5 between the pads 31a and the distance between the 
periphery of the pad 31a and the periphery of the open- 
ing 33a are 3 microns and 3 microns, respectively. 
Thus, the width of the wide portion is increased at 48 
percent with respect to the opening 33a, and allows the 

10 tester to surely bring the probes 52 into contact with the 
pads 50a/ 50b. 

[0029] When the semiconductor chip 51 is sealed in a 
package, the bonding wires/ inner leads 54 are bonded 
to the first/ third contact areas. Even if the tape auto- 
15 mated bonding technology is used for the package, the 
inner leads 54 are equal in length, and are exactly pat- 
terned by using an etching technique. 
[0030] In this instance, the passivation layer 51c and 
the polyimide layer 51 g as a whole constitute a proteo- 
se tive layer, and the semiconductor substrate 51a and the 
insulating layer 51b form in combination a substrate 
structure 

[0031] As will be understood from the foregoing 
description, the long/ short pads 50a/ 50b make the par- 

25 tially widened openings 51d/ 51f staggered, and the 
manufacturer can arrange the partially widened open- 
ings 51 d/ 51 f as close as possible without any interfer- 
ence. Thus, the combination of long/ short pads 50a/ 
50b and the partially widened openings 51d/ 51f allows 

30 the manufacturer to arrange the pads 50a/ 50b at a fine 
pitch less than 40 microns without sacrifice of the prob- 
ing. 

Second Embodiment 

35 

[0032] Figures 16 to 19 illustrate an array 60 of pads 
incorporated in another semiconductor integrated circuit 
device embodying the present invention. The semicon- 
ductor integrated circuit device is similar to the first 

40 embodiment except for a lower level aluminum layer 61 , 
and, for this reason, the other layers and openings are 
labeled with the same references designating corre- 
sponding layers and openings of the first embodiment 
without detailed description. 

45 [0033] The lower level aluminum layer 61 is formed on 
the insulating layer 51b, and is partially covered with an 
insulating layer 62. The insulating layer 62 is subjected 
to a chemical mechanical polishing, and has aflat upper 
surface. A contact hole 62a is formed in the insulating 

so layer 62, and a tungsten layer 63 is conformably formed 
in the contact hole 62a. The tungsten layer 63 defines a 
recess 63a, and the pad 50a/ 50b conformably extends 
over the tungsten layer 63. For this reason, The recess 
63a is transferred from the tungsten player 63 to the 

55 long/ short pad 50a/ 50b. and a recess 50h is formed in 
the long/ short pad 50a/ 50b. The recess 50h is formed 
in the second/ fourth contact area, and causes the 
probe 52 to stop at the second/ fourth contact area. 
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Moreover, even if the tester strongly presses the probe 
52 against the second/ fourth contact area, the probe 52 
does not slide, and surely stays in the second/ fourth 
contact area. 

[0034] The long pads 50a and the short pads 50b are 
respectively arranged at pitch d11 and pitch d12, 
respectively, and the pitch d1 1 and the pitch d12 are 60 
microns in this instance. Therefore, the array 50 of pads 
has a fine pitch of 30 microns. 

[0035] Description is hereinbelow made on a process 
for fabricating the semiconductor integrated circuit 
device with reference to figures 20A to 20C. The proc- 
ess starts with preparation of the semiconductor sub- 
strate 51a. The insulating layer 51b is selectively grown 
on the major surface of the semiconductor substrate 
51a, and various circuit components (not shown) are 
fabricated on the active areas in the major surface. Alu- 
minum is deposited to 0.5 micron thick over the entire 
surface of the resultant semiconductor structure by 
using a sputtering technique, and forms an aluminum 
layer. Photo-resist etching mask (not shown) is formed 
on the aluminum layer by using photolithographic tech- 
niques, and the aluminum layer is selectively etched 
away so as to form the lower level aluminum layer 61 
together with other aluminum signal lines (not shown). 
The resultant semiconductor structure is shown in figure 
20A. 

[0036] Subsequently, insulating material is deposited 
to 0.5 micron thick over the entire surface of the result- 
ant semiconductor structure, and forms the insulating 
layer 62. A photo-resist etching mask (not shown) is 
formed on the insulating layer 62 by using the photo-lith- 
ographic techniques, and the insulating layer 62 is 
selectively etched away so as to form the contact hole 
62a together with other contact holes (not shown) for 
the aluminum signal lines. The other contact holes 
measure 0.5 micron by 0.5 micron. On the other hand 
the contact hole 62a measures 30 microns by 40 
microns. 

[0037] Tungsten is deposited to 0.5 micron thick over 
the entire surface of the resultant semiconductor struc- 
ture, and a tungsten layer conformably extends over the 
insulating layer 62 and the exposed surface of the lower 
level aluminum layer 61 . The contact hole 62a is so wide 
that the tungsten layer does not fill the contact hole 62a. 
For this reason, the tungsten layer is depressed by 0.5 
micron to 1.0 micron in the contact hole 62a, and the 
recess 63a is formed in the tungsten layer. When the 
contact hole 62a is as wide as or wider than the area of 
1.0 micron by 1.0 micron, the tungsten layer of 0.5 
micron thick is depressed in the contact hole 62a. 
[0038] The tungsten layer is chemically mechanically 
polished until a flat upper surface is created in the insu- 
lating layer 62, and the tungsten layer 63 is left in the 
contact hole 62a as shown in figure 20B. Thus, even 
through the insulating layer 

[0039] Aluminum is deposited over the entire surface 
of the resultant semiconductor structure by using the 



sputtering technique, and forms an aluminum layer of 
0.5 micron thick. The recesses 63a are transferred to 
the aluminum layer. A photo-resist etching mask (not 
shown) is formed on the aluminum layer, and the alumi- 
5 num layer is selectively etched away so as to form the 
long/ short pad 50a/ 50b. The long/ short pad 50a/ 50b 
is connected through the tungsten layer 63 to the lower 
level aluminum layer 61 . 

[0040] Insulating material such as, for example, silicon 

10 nitride is deposited to 0.3 micron thick over the entire 
surface of the resultant semiconductor structure, and 
forms the passivation layer 51c. Polyimide is further 
deposited to 5 microns thick over the passivation layer, 
and forms the polyimide layer 51 g. A photo-resist etch- 

15 ing mask (not shown) is formed on the polyimide layer 
51 g, and the polyimide layer 51 g and the passivation 
layer 51c are partially etched away so as to form the 
openings 51 h and 51d/ 51 e/ 51f. An isotropic etching 
such as a wet etching is used for the polyimide layer 

20 51 g, and the openings 51 h are defined by the rounded 
surfaces. The rounded surfaces are desirable for the 
probing, because the probe 52 does not concentrate 
force on an extremely narrow area. Moreover, the 
rounded surfaces guide the robes to the long/ short 

25 pads 50a/ 50b. 

[0041] The second embodiment achieves all the 
advantages of the first embodiment. Moreover, the 
recesses 50h cause the probes 52 to stop at the sec- 
ond/ fourth contact areas, and the long/ short pads 50a/ 

30 50b with the recesses 50h improve the reliability of the 
diagnosis carried out through the probes 52 surely held 
in contact with the long/ short pads 50a/ 50b. Although 
the prior art process can form recesses in the long/ 
short pads 50a/ 50b, the above described process is 

35 better than the prior art process, because the prior art 
process can not precisely controls the depth and dimen- 
sions of the recesses. 

Third Embodiment 

40 

[0042] Figure 21 illustrates an array 70 of pads incor- 
porated in yet another semiconductor integrated circuit 
device embodying the present invention and long/ short 
pads 70a/ 70b form the array 70. The semiconductor 
45 integrated circuit device implementing the third embodi- 
ment is similar to the first embodiment except for the 
configuration of the long/ short pads 70a. 70b. The array 
70 of pads is covered with a protective layer 71 , and the 
long/ short pads 70a/ 70b are exposed to openings 71 a/ 
so 71b/ 71c formed in the protective layer 71 . 

[0043] The long pad 70a has a first contact portion 
70c, a second contact portion 70d and a connecting 
portion 70e as similar to the pad 50a. Although the first 
contact portion 70c is equal in width to the second con- 
55 tact portion 70d, the connecting portion 70e is narrower 
than the first and second contact portions 70d/ 70e, and 
allows the adjacent short pads 70b to increase the width 
on both sides thereof. For this reason, the manufacturer 
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decreases the pad pitch of the array 70 rather than that 
of the first embodiment. Otherwise, the manufacturer 
increases the width of the openings 71b/ 71c, and the 
probes 52 are easily brought into contact with the sec- 
ond/fourth contact areas in the testing operation. 
[0044] As will be appreciated front the foregoing 
description, the openings are constricted from the wide 
portions to the narrow portions, and the narrow portion 
of each opening is opposed to the wide portions of the 
adjacent openings. As a result, the long/ short pads are 
arranged at the fine pitch less than 40 microns. Moreo- 
ver, the constricted portions guide the probes to the tar- 
get contact areas of the long/ short pads, and the tester 
surely brings the probes in contact with the target con- 
tact areas in the testing operations. This results in 
enhancement of reliability of the diagnosis. 
[0045] Although particular embodiments of the 
present invention have been shown and described, it 
will be obvious to those skilled in the art that various 
changes and modifications may be made without 
departing from the spirit and scope of the present inven- 
tion. 

[0046] The passivation/ polyimide layers 51 cl 51g may 
be removed from the portion over the connecting por- 
tions 50e so as to merge the openings 51 e/ 51 f with 
each other. 

[0047] The passivation/ polyimide layers may be 
thicker that those of the embodiments in so far as the 
passivation/ polyimide layers guide the probes to the 
contact areas. 

Claims 

1 . A semiconductor device comprising: 

a substrate structure (51 a/ 51b) having an insu- 
lating layer (51b), 

a plurality of first pads (50b; 70b) formed on 
said insulating layer (51b) and electrically con- 
nected to an integrated circuit (IC); 

a plurality of second pads (50a/ 70a) electri- 
cally connected to said integrated circuit (IC) 
and alternated with said plurality of first pads 
(50b; 70b) on said insulating layer (51b) along 
a first virtual line (VT1); 

a protective layer (51c/51g) covering said insu- 
lating layer, said plurality of first pads and said 
plurality of second pads, 
characterized in that 

said plurality of second pads (50a; 70a) are 
longer than said plurality of first pads (50b; 
70b), 

and in that 



said protective layer (51c/ 51 g) is formed with 

a plurality of first openings (51 d; 71c) 
respectively associated with said plurality 

5 of first pads (50b; 70b) and constricted 

from respective first wide portions to 
respective first narrow portions and 
a plurality of second openings (51e/ 51f; 
71 a/ 71 b) respectively associated with said 

10 plurality of second pads (50a; 70a) and 

constricted from respective second wide 
portions to respective second narrow por- 
tions, 

15 said second wide portions being offset from 

said first wide portions in longitudinal directions 
of said plurality of second pads (50a; 70a) per- 
pendicular to said first virtual line (VT1). 

20 2. The semiconductor device as set forth in claim 1 , in 
which said plurality of first pads (50b) have respec- 
tive first contact areas connected to first conductive 
members (54) of a package and respective second 
contact areas held in contact with first probes (52) 

25 of a tester slidable thereon in a first direction in par- 
allel to said longitudinal directions during a diagno- 
sis for said integrated circuit (IC) in said plurality of 
first openings (51 d), respectively, and said plurality 
of second pads (50a) have respective third contact 

30 areas (50c) connected to second conductive mem- 
bers (54) of said package and respective fourth 
contact areas (50d) held in contact with second 
probes (52) of said tester slidable thereon in said 
first direction during said diagnosis in said plurality 

35 of second openings (51f). 

3. The semiconductor device as set forth in claim 2, in 
which said first contact areas and said third contact 
areas are arranged on said first virtual line (VT1) 

40 extending in a second direction perpendicular to 
said first direction, and said second contact areas 
and said fourth contact areas are arranged on both 
sides of a second virtual line (VT2) extending in 
parallel to said first virtual line (VT1) in a staggered 

45 manner. 

4. The semiconductor device as set forth in claim 2, in 
which said plurality of second pads (50a) further 
have respective connecting areas (50 e) between 

so said third contact areas (50c) and said fourth con- 
tact areas (50d) so that said first wide portions are 
mainly opposed to said connecting portions (50e) 
of the adjacent second pad (50a). 

55 5. The semiconductor device as set forth in claim 4, in 
which each of said plurality of second openings has 
a first sub-opening (51 e) exposing said third con- 
tact area (50c) of the associated second pad and a 
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second sub-opening (51 f) exposing said fourth con- 
tact area (50d) of said associated second pad and 
spaced from said first sub-opening (51 e) by part of 
said protective layer, and associated one of said 
second probes (52) stops the sliding motion at said 5 
part of said protective layer (51c/ 51 g). 

6. The semiconductor device as set forth in claim 5, in 
which said plurality of first pads (50b) and said plu- 
rality of second pads (50a) are constant in width 10 
along said first direction, a peripheral line of each 
first pad (50b) is partially covered with said protec- 
tive layer defining said first narrow portion of the 
associated one of said plurality of first openings 

(51 d) and partially exposed to said first wide portion is 
of said associated one of said plurality of first open- 
ings (51 d), and a peripheral line of each second 
pad (50a) is partially covered with said protective 
layer defining said first sub-opening (51 e) and par- 
tially exposed to said second subopening (51 f) of 20 
associated one of said plurality of second openings. 

7. The semiconductor device as set forth in claim 2, in 
which first recesses (50h) are respectively formed 

in said plurality of first pads (50b) so as to locate 25 
essential parts of said second contact areas in said 
first recesses, respectively, and second recesses 
(50h) are respectively formed in said plurality of 
second pads (50a) so as to locate essential parts of 
said fourth contact areas in said second recesses, 30 
respectively. 

8. The semiconductor device as set forth in claim 7, in 
which said first contact areas and said third contact 
areas are arranged on said first virtual line (VT1) 35 
extending in a second direction perpendicular to 
said first direction, and said second contact areas 
and said fourth contact areas are arranged on both 
sides of a second virtual line (VT2) extending in 
parallel to said first virtual line in a staggered man- 40 
ner. 

9. The semiconductor device as set forth in claim 7, in 
which said plurality of second pads further have 
respective connecting areas (50e) between said 45 
third contact areas (50c) and said fourth contact 
areas (50d) so that said first wide portions are 
mainly opposed to said connecting portion (50e) of 

the adjacent second pad. 

50 

1 0. The semiconductor device as set forth in claim 9, in 
which each of said plurality of second openings has 
a first sub-opening (51 e) exposing said third con- 
tact area of the associated second pad and a sec- 
ond sub-opening (51 f) exposing said fourth contact 55 
area of said associated second pad and spaced 
from said first sub-opening by part of said protective 
layer, and associated one of said second probes 



(52) stops the sliding motion at said part of said pro- 
tective layer. 

11. The semiconductor device as set forth in claim 10, 
in which said plurality of first pads (50b) and said 
plurality of second pads (50a) are constant in width 
along said first direction, a peripheral line of each 
first pad is partially covered with said protective 
layer defining said narrow portion of the associated 
one of said plurality of first openings and partially 
exposed to said wide portion of said associated one 
of said plurality of first openings, and a peripheral 
line of each second pad is partially covered with 
said protective layer defining said first sub-opening 
and partially exposed to said second wide portion 
of associated one of said plurality of second open- 
ings. 

12. The semiconductor device as set forth in claim 1 , in 
which said plurality of first pads (70b) have respec- 
tive first narrow portions partially exposed to said 
first narrow portions of the associated first openings 
(71c) and first wide portions respectively contigu- 
ous to said first narrow portions and partially 
exposed to said first wide portions of said associ- 
ated first openings (71c), and said plurality of sec- 
ond pads (70a) have respective second wide 
portions (70c) partially exposed to said second nar- 
row portions (71a) of the associated second open- 
ings and third wide portions (70d) respectively 
connected to said second wide portions (70c) by 
means of respective connecting portions (70e) nar- 
rower than said second and third wide portions and 
partially exposed to said second wide portions 
(71b) of said associated second openings. 

13. The semiconductor device as set forth in claim 12, 
in which said first wide portions of said plurality of 
first pads (70b) are opposed to said connecting por- 
tions (70e) of the adjacent second pads (70a). 

14. The semiconductor device as set forth in claim 13, 
in which each of said plurality of second openings 
has a first sub-opening (71a) exposing a part of 
said second wide portion (70c) of the associated 
second pad (70a) and a second sub-opening (71b) 
constricted, exposing a part of said third wide por- 
tion (70d) and spaced from said first sub-opening 
by part of said protective layer. 

15. The semiconductor device as set forth in claim 14, 
in which said plurality of first pads (70b) provide 
respective first contact areas on said first narrow 
portions for first conductive members (54) of a 
package and respective second contact areas on 
both sides of boundaries between said first narrow 
portions and said first wide portions for first probes 
(52) of a tester slidable in a first direction in parallel 
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said longitudinal directions, and said plurality of 
second pads provide respective third contact areas 
on said second wide portions for second conductive 
members (54) of said package and respective 
fourth contact areas on said third wide portions 5 
(70d) for second probes (52) of said tester slidable 
in said first direction. 

16. The semiconductor device as set forth in claim 15, 
in which said first contact areas and said third con- 10 
tact areas are arranged along said first virtual line 
(VT1) extending in a second direction perpendicu- 
lar to said first direction, and said second contact 
areas and said fourth contact areas are arranged 
on both sides of a second virtual line (VT2) parallel 15 
to said first virtual line in a staggered manner. 
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